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New Calcitonin Isolated from the Ray, Dasyatis akajei
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Abstract. Calcitonin causes hypocalcemia by inhibiting

the resorption of calcium from the bone in mammals.

Calcitonin has now been isolated from the ultimobran-

chial gland of a cartilaginous fish, the ray (Dasyatis akajei),

and its amino acid has been determined to be H-Cys-Thr-

Ser-Leu-Ser-Thr-Cys-Val-Val-Gly-Lys-Ser-Gln-Gln-Leu-

His-Lys-Leu-Gln-Asn-Ile-Gln-Arg-Thr-Asp-Val-Gly-Ala-

Ala-Thr-Pro-NHi. Although its basic structure is well

conserved, the amino acid sequence of ray calcitonin is

considerably different from that of other calcitonins se-

quenced to date. Because the ray lacks calcified bones, an

examination of the effect of calcitonin in this fish may
elucidate a new role for calcitonin in vertebrates.

Introduction

Calcitonins were first isolated from the thyroid glands

of mammals, and amino acid sequences have now been

determined in five species (Neher et al., 1968; Potts et al.,

1968, 1971; Brewer and Ronan, 1969; Raulais et al..

1976). Although calcitonin-like immunoreactivity was

also identified in the ultimobranchial glands of all classes

of non-mammalian vertebrates (Van Noorden and Pearse,

1971; Tisserand-Jochem et al.. 1977; Sasayama et at.,

1984; Treilhou-Lahille et al., 1984), structures have been

determined for only one species of bird and two teleost

fishes (Niallrta/.. 1969;NodaandNarita, 1976;Homma
et al.. 1986). The mammalian calcitonins fall into two

groups according to the homology of their amino acid

sequences, and the difference between the amino acid

sequences of these two mammalian groups is greater than

that between the bird and the teleosts (Fig. 1 ). As for func-

tion, non-mammalian calcitonins have a much greater
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hypocalcemic effect in the rat than do the mammalian

calcitonins (Homma et al.. 1986).

Recently, immunoreactive calcitonin was demonstrated

in the ray, Dasyatis akajei (Sasayama et al.. 1984). Because

the osteocytes are the principal site of action of calcitonin

in mammals (Friedman and Raisz, 1965), a new action

of calcitonin should be expected in this cartilaginous fish.

Indeed, mammalian calcitonin has been shown to lack a

hypocalcemic effect in some non-mammalian species

(Pang et al.. 1980). Thus, the roles of calcitonin in the

cartilaginous fish may provide a new insight into the fun-

damental actions of calcitonin common to all vertebrates.

As the essential step toward discovering such roles, an

attempt was made to isolate calcitonin from the ray and

to determine its amino acid sequence. The molecular

structure of calcitonin in this phylogenetically primitive

fish may provide new evidence for the evolution of the

calcitonin molecule in vertebrate phylogeny.

Materials and Methods

The rays (Dasyatis akajei) were caught in Toyama Bay
and anesthetized with 1/3,000 (v/v) of tricaine methane-

sulfonate (Sigma) in seawater. The ultimobranchial glands

were resected under a dissecting microscope, immediately

frozen, and kept at 50C until used.

Calcitonin was extracted from ray ultimobranchial

glands and purified as follows. Two hundred deep-frozen

glands (2.2 g) were pulverized in a stainless-steel crusher

with a hammer, immediately boiled for 5 min with 7 vol-

umes of water, acidified with acetic acid to make a final

concentration of 1 A/, and homogenized in a Polytron

homogenizer for 90 s at 4C at maximum speed (Takei

et al.. 1989). The homogenate was centrifuged at 25,000

X g for 30 min at 4C, and the high molecular weight

proteins and lipids were removed from the supernatant
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Figure 3. Reverse phase HPLCon an ODS- 1 20T column. Sample,

fraction 12 in Figure 2; flow rate. 1 ml/min. Solvent system: linear-

gradient elution from solvent A (H : O : CH,CN : 1 M NH4OAc, pH
4.6 = 72 : 8 : 1. v/v) to B (H,O : CH3CN : 1 M NH4OAc. pH 4.6

= 25 : 100 : 1. v/v) for 40 min. Fraction was collected at each peak.

Immunoreactivity appeared only in the peak marked by the arrow.

32 amino acid residues: Asp, 2.0 (2); Glu, 4.6 (4); CM-

Cys, 1.3 (2); Ser, 3.0 (3); Gly, 2.2 (2); His, 1.0 (1); Arg,

l.'l (l);Thr, 4.2(4); Ala, 2.2(2); Pro, 1.1 (1), Val. 2.4 (3).

He. 1.0 (1), Leu. 4.2 (4), Lys, 2.0 (2); the numbers in pa-

rentheses were deduced from the sequencing. Since the

cysteine residue was undetectable without carboxyme-

th\ lation in a sequencer, the carboxymethylated material

was also subjected to the sequencer and the presence of

cysteine residues at the first and the seventh position was

confirmed. The amidation of the proline residue at the

C-terminus was determined by co-chromatography with

a synthetic peptide in reverse-phase HPLC.

Discussion

In this study, a large amount of calcitonin (more than

60 nmoles/g tissue) has been detected in the ultimobran-

chial glands of the ray (Dasyatis akajei), and sequenced.

This is the first elasmobranch calcitonin to have been

characterized.

In mammals, calcitonin is a hypocalcemic hormone

that inhibits the reabsorption of calcium from the bone

(Friedman and Raisz, 1965). Amongnon-mammals, cal-

citonin-like immunoreactivity has been detected in se-

lected species from all classes, and calcitonin has been

isolated in a bird and teleosts (Niall et al., 1969; Van

Noorden and Pearse, 1971; Noda and Narita, 1976; Tis-

serand-Jochem et a!., 1977; Sasayama el al,, 1984; Treil-

hou-Lahille et al., 1984; Hommaet al., 1986), but the

physiological roles of the hormone in these species are

not fully understood. Because a hypocalcemic effect is

not common in non-mammalian species (Pang et al.,

1980). cartilaginous fishes, which appear to have large

amounts of calcitonin, may be good material with which

to investigate those roles of the hormone that have been

retained throughout the vertebrates. The use, in such

studies, of the native hormone, now available, is important

because mammalian hormones often have little biological

effect in fishes (Takei et al., 1989, 1990).

The calcitonins sequenced to date can be classified into

three groups according to their structural similarity (Fig.

1 ). The sequence homology among the calcitonins within

each group is 88-94% (Table I). Ray calcitonin is appar-

ently more homologous to non-mammalian calcitonins,

but the homology is less than that within any of the groups.

In particular, the calcitonins from fowl and ray are more

similar than the two types of mammalian calcitonins.

Non-mammalian calcitonins generally have greater hy-

pocalcemic effects in the rat than do mammalian calci-

tonins (Homma et al.. 1986). Indeed, our preliminary
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Figure 4. Automatic sequencer analysis of the purified peak of ray

calcitonin immunoreactivity shown in Figure 3. The yield of phenyl-

thiohydantoin-denvitized (PTH) amino acid is plotted for each cycle of

Edman degradation. The cystine residues (C) at cycles 1 and 7 were not

determined in this analysis, which was carried out without prior car-

boxymethylation (see Results). The complete amino acid sequence, finally

verified by amino acid analysis and by co-chromatography with synthetic

peptide, is set out below the plot.
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Table I

The sequence homolot;\- <>l amino acids fahove *) and of nucleotides

(helow*/ hetnven two calcitonins from dillcrcni species

Ray Fowl Eel Salmon Rat Human Pig Ox Sheep

Ra>
*


